Grape skin flours obtained from grape pomace of Chardonnay, Moscato and Pinot noir 28 varieties were used as sources of polyphenolic compounds in yogurt formulation during 29 three weeks of storage. Yogurt containing grape skin flour presented significantly higher 30 total phenolic content (+55%), antioxidant activity (+80%) and acidity (+25%) whereas 31 lower pH, syneresis (-10%) and fat (-20%) than control. Procyanidin B1 and vanillic acids 32 were detected only in the yogurt added of Pinot noir flour while gallic acid, catechin and 33 quercitrin were the major phenolic compounds found in the yogurts with Moscato or 34
Italy). Titratable acidity was determined via a potentiometric method (IDF 1991) and 135 expressed as lactic acid per 100 g of yogurt. Yogurt syneresis was determined according to 136 Celik et al. (2006) , with some modifications. Yogurt (20 g) was centrifuged at 16,800 g 137 for 20 min at 4 °C using a Megafuge 11 R centrifuge (Thermo Fischer Scientific, Waltham, 138 MA, USA). Syneresis was expressed as the volume of separated whey per 100 mL of 139 yogurt (Wacher-Rodarte et al. 1993) . Samples were analysed in triplicate. 140
141

Extraction of bioactive compounds 142
The extraction was carried out according to McCue and Shetty (2005) , with slight 143 modifications. Briefly, each yogurt sample (10 g) was diluted with distilled water (2.5 mL) 144 and centrifuged (16.800 g, 40 minutes, 4 °C). The supernatant was harvested and filtered 145 through a 0.45-μm polypropylene membrane filter (VWR, Milan, Italy) . Extraction was 146 carried out in triplicate on different pots and extracts were stored at 4 °C until analysis. 147
148
TPC and RSA of yogurt 149
The total phenolic content (TPC) was determined in triplicate using an assay modified 150 from Apostolidis et al. (2007) . Briefly, 1 mL of extract was transferred into a test tube and 151 mixed with 1 mL of 95% ethanol and 5 mL of distilled water. To each sample, 500 μL of 152 50% (v/v) Folin-Ciocalteu reagent were added and the resulting sample was mixed. After 5 153 min, 1 mL of 5% Na2CO3 was added and the reaction mixture was allowed to stand in the 154 dark at room temperature for 60 min. Just before the end of the incubation time, samples 155 were centrifuged (16.800 g, 10 minutes, 20 °C) and the supernatant absorbance was read 156 at 725 nm with a UV-visible spectrophotometer (UV-1700 PharmaSpec, Shimadzu, Milan, 157
Italy). The absorbance values were converted to the total phenolics and were expressed as 158 micrograms of gallic acid equivalents per gram of sample (µg GAE/g). Standard curves 159
were established using various concentrations of gallic acid in water (R 2 = 0.997). 160
The radical scavenging activity (RSA) was determined using the 2,2-diphenyl-1-161 picryhydrazyl radical (DPPH • ) assay modified by Gadow et al. (1997) . A sample extract 162 (75 μL or distilled water for the blank) was placed in a test tube, and 3 mL of a 6 × 10 -5 M 163 methanolic solution of DPPH
• were added. The decrease in absorbance at 515 nm was 164 determined at the steady state (60 min of incubation at room temperature in the dark) after 165 a previous centrifugation step. All 
HPLC-DAD analysis 173
Phenolic compound profiles 174
HPLC-DAD analysis of yogurt extract was performed using a Thermo-Finnigan Spectra-175
System HPLC system (Thermo-Finnigan, Waltham, USA) equipped with a P2000 binary 176 gradient pump system, a SCM 1000 degasser, an AS 100 automatic injector, a UV6000LP 177 DAD and the ChromQuest software for data processing. Separation was achieved on a C18 178 RP Lichrosphere 250 × 4.6 mm, 5 µm (Merck, Milan, Italy) column, equipped with a C18 179 RP Lichrosphere guard column 5 µm (Merck, Milan, Italy) . The mobile phase was 180 composed of trifluoroacetic acid/ultra-pure water (0.1:99.9, v/v) 
(A) and methanol (B). The 181
The HPLC system (Thermo Quest, San Jose, CA) was equipped with an isocratic pump 208 (P1000), a multiple autosampler (AS3000) fitted with a 20 µL loop, a UV detector 209 (UV100) set to 210 and 290 nm, and a refractive index detector (Spectra System RI-150, 210
Thermo Electro Corporation). The detectors were connected in series. Data were collected 211 using ChromQuest ver. 3.0 (Thermo Finningan). 212
The analyses were performed isocratically at 0.8 mL/min and 65 °C with a 300  7.8 mm 213
i.d. cation exchange column (Aminex HPX-87H) equipped with a cation H + microguard 214 cartridge (Bio-Rad Laboratories, Hercules, CA). The mobile phase was 0.013 N H2SO4, 215 which was prepared by diluting reagent grade sulphuric acid with ultrapure water and 216 degassing under vacuum. Identification was achieved by comparison with retention times 217 of authentic standards. A total of eight organic acids and three sugars were investigated, 218 including pyruvic acid, lactic acid, citric acid, acetic acid, propionic acid, butyric acid, 219 tartaric acid, malic acid, glucose, lactose and fructose. 220
221
Analysis of volatile compounds 222
The volatile compounds in the yogurt samples were extracted using headspace solid phase 223 micro-extraction (HS-SPME) and analysed by gas chromatography/mass spectrometry 224 (GC/MS). The analysis was carried out as described by Coda et al. (2011) with slightly 225 modifications. All samples were analysed in triplicate. The analysis was conducted using a 226 20 mL vial filled with 1.5 g of sample to which was added 5 μL of 2-octanol in ultra-pure 227 water (92.8 mg/L) as an internal standard. After an equilibration time of 30 min at 37 °C, 228 the extraction was performed using the same temperature for 40 min with a 50/30 μm 229 DVB/CAR/PDMS fibre (Supelco, Milan, Italy) with stirring (250 rpm) before injection. 230
The fibre was desorbed at 260°C for 4 min in splitless mode. GC/MS analysis was 231 performed with a Shimadzu GC-2010 gas chromatograph equipped with a Shimadzu QP-232 2010 Plus quadrupole mass spectrometer (Shimadzu Corporation, Kyoto, Japan) and a DB-233 WAXETR capillary column (30 m × 0.25 mm, 0.25 µm film thickness, J&W Scientific 234
Inc., Folsom, CA, USA). 235
The carrier gas (He) flow-rate was 1 mL/min. The temperature program began at 40 °C for 236 5 min, and then the temperature was increased at a rate of 10 °C/min 1 to 80 °C and 5 237 °C/min to 240 °C for 5 min. The injection port temperature was 250 °C, the ion source 238 temperature was 240 °C and the interface temperature was 230 °C. The detection was 239 carried out by electron impact mass spectrometry in total ion current mode (TIC), using an 240 ionization energy of 70 eV. The acquisition range was m/z 30-330. The identification of 241 volatile compounds was confirmed by injection of pure standards and the comparison of 242 their retention indices (a mixture of a homologous series of C5-C28 was used), MS data 243 reported in the literature and in the database (http://webbook.nist.gov/chemistry/). 244
Compounds for which pure standards were not available were identified on the basis of 245 mass spectra and retention indices available in the literature. Semiquantitative data (µg/kg) 246 were obtained by measuring the relative peak area of each identified compound in relation 247 to that of the added internal standard. 248
249
Microbiological analysis 250
For each yogurt type, sampling points were analysed using traditional microbiological 251 methods (CFU). Streptococci were counted on M-17 agar (Oxoid, Milan, Italy) and 252 lactobacilli were counted on Man Rogosa Shape agar (Oxoid, Milan, Italy) . Both medium 253
were incubated under microaerophilic conditions at 37 °C for 48 h. 254
255
Liking tests 256
Because a previous acceptance test that was done on a small scale with a restricted panel 257 (data not shown) indicated that better liking was found for the Moscato and Chardonnay 258 yogurts, we chose to use only the white varieties for liking test. 259
To assess the sensory acceptability of yogurt samples, a Central Location Test was 260 conducted in Turin (Italy). The consumer test was performed at a stand for the University 261 of Gastronomic Sciences during a public event named "European Researchers' Night". 256 262 regular consumers of yogurt (48% males, 52% females, 18-86 years, mean age 24) 263 voluntarily participated in the sensory evaluation. Written informed consent was obtained 264 from each subject after the experiment was described to them. 265
The test consisted of a sensory evaluation of the fortified yogurts (Moscato and 266 Chardonnay) and of the control sample. Yogurt samples (10 g) were served under blind 267 conditions in opaque white plastic cups (38 mL) sealed with a clear plastic lid and coded 268 with a random three-digit number. Samples were served in completely randomized order, 269 with the control served as the last sample for all subjects to limit the contrast effect 270 (Meilgaard et al. 2006) . Consumers were asked to stir each sample with a plastic teaspoon, 271 observe its appearance, smell and taste it, and rate the yogurts for appearance, odour, taste, 272 flavour, texture and overall acceptance. Liking was expressed on a 9-point hedonic scale 273 ranging from 'dislike extremely' (1) to 'like extremely' (9) (Peryam and Pilgrim 1957) . 274
Purchase interest (Would you buy this yogurt?) was also rated on a 7-point scale (1= 275 absolutely no, 7= absolutely yes). Participants were required to rinse their mouth with still 276 water for about one minute between samples. Consumers took between 15 and 20 minutes 277 to complete the evaluation. Liking data (appearance, odour, taste, flavour, texture and 278 overall acceptance) and declared purchase interest from consumers were independently 279 submitted to a two-way ANOVA model, assuming sample and subject as main effects, by 280 performing LSD (p < 0.05). 281
282
Data analysis 283
A one-way analysis of variance (ANOVA) with Duncan's test for mean comparison was 284 used to highlight significant differences among samples. All calculations were performed 285 using the STATISTICA for Windows statistical software (Release 7.0; StatSoft Inc., Tulsa, 286 OK, USA). 287
288
Results and Discussion 289
Chemical composition of GSF and yogurts 290
Fat values were significantly different among varieties, with the lowest value for Pinot 291 noir, probably due to more loss of grape seeds during preparation of the GSF (Table 1) . 292
Pinot noir showed also the lowest protein value (88.3 g/kg), whereas the highest was for 293
Chardonnay, at 97.0 g/kg. The highest values of soluble, insoluble and total dietary fibre 294 were found in Moscato (90.2, 390.9 and 481.0 g/kg respectively) followed by Chardonnay 295 and Pinot noir. 296
Concerning fortified yogurt (FY), the lowest protein contents ( (Table 3 ). The addition of GSF to yogurt instantly 309 reduced the pH from 4.59 to 4.22-4.26, as previously reported by Tseng and Zhao (2013) . 310
The reduction in pH during storage corresponded to an increase in acidity (Tseng and 311
Zhao, 2013). The highest increase was found in Moscato yogurt (+17.9%), while the 312 lowest observed was for Pinot noir yogurt (+11.4%). 313
Fortified yogurts had higher values of syneresis compared to the control during storage due 314 to the addition of GSF and statistically differences were found between yogurt types 315 (p<0.001, except on the 1 st day) whereas no differences were found with respect to storage 316 time (p>0.05). The IDF present in GSF causes a rearrangement of the matrix gel, which 317 was previously observed by García-Pérez et al. (2005) and Tseng and Zhao (2013) . 318
Chardonnay yogurt exhibited the highest value at each sampling time, while Pinot noir 319 exhibited the lowest. 320
321
TPC and RSA of yogurt 322
As expected, all fortified yogurts exhibited a high and statistically significantly increase in 323 the total phenolic content compared to the control yogurt (about 38%, 54% and 66% for 324
Moscato, Chardonnay and Pinot noir respectively) at each sampling time (Table 3) . 325
The TPC was stable generally during storage for all samples and only Moscato yogurt 326 showed statistically differences during the storage time (p<0.05). The DPPH  values 327 indicated that all FYs had higher antiradical activity compared to the control. The RSA did 328 not decrease significantly during storage for FYs, whereas it changed significantly in the 329 control yogurt (p<0.05). The RSA control value was lower on the 21 st day of sampling than 330 for day 0, with a reduction of 75%. Similar studies (Karaaslan et al. 2011; Tseng and Zhao, 331 2013) stated that the RSA dropped during storage in yogurt containing 10% of red grape 332 extract and yogurt containing 3%, 2% and 1% of red wine grape pomace. As expected, in 333 our work, yogurt containing Pinot noir grape skin flour exhibited the highest RSA during 334 all storage times, whereas there was no statistically significant difference between yogurt 335 containing Moscato and Chardonnay. 336 337 338 339
Sugar and organic acid contents 340
The glucose values were higher in FYs compared to the control due to the addition of GSF 341 (Table 3) 
Profiles of phenolic compounds 368
A total of nine compounds were identified and quantified: gallic acid, protocatechuic acid, 369 procyanidin B1 (PB1), 2,3,4-trihydroxybenzoic acid (THA), catechin, vanillic acid, 370 epicatechin, rutin and quercitrin (Table 4) . None of these phenolic compounds were 371 detected in control yogurt. In yogurt containing Moscato and Chardonnay GSF, gallic acid, 372 protocatechuic acid, catechin, epicatechin, rutin and quercitrin were detected, while all 373 phenolic compounds except for epicatechin were detected in yogurt containing Pinot noir 374
GSF. 375
Statistically significant differences were found between yogurt types with respect to gallic 376 acid, while there were no statistically significant differences within each yogurt type 377 during storage. 378
Moscato FY exhibited the highest gallic acid content (3.6-4.2 g/g), followed by FY 379 containing Chardonnay and Pinot noir. Protocatechuic acid was detected in all types of 380 FYs, and its content did not change significantly during storage (p>0.05). The only 381 significant difference for protocatechuic acid content was found on the 14 th day, in which 382 reporting levels of protocatechuic acid decreased in the following order: Moscato > 383
Chardonnay > Pinot noir. PB1 and THA were only detected in Pinot noir yogurt and their 384 contents did not change during storage (p>0.05). The PB1 content ranged from 26 to 30 385 mg/g. Catechin was the predominant polyphenol in all fortified yogurts, with the highest 386 levels in Moscato yogurt on the first day (19.3 g/g) and Chardonnay yogurt on day 0 387 (22.9 g/g). Its content did not change significantly during storage (p>0.05). On the 1 st , 7 th 388 and 14 th day of storage, statistically significant differences in catechin content were found 389 between the yogurt types. Yogurts containing Moscato and Chardonnay exhibited higher 390 levels of catechin compared to yogurt containing Pinot noir. Epicatechin was present at 391 similar levels in Moscato and Chardonnay yogurts. During the storage of these yogurts, the 392 epicatechin content did not change significantly (p>0.05). According to Karaaslan et al. 393 (2011) , the catechin concentration was higher than epicatechin in yogurt to which grape 394 callus extract had been added (Vitis vinifera cv. Merlot). 395
Vanillic acid was exclusively detected in Pinot noir yogurt, in which its content did not 396 change significantly during storage (p>0.05). 397
Rutin was detected in all three FYs, with higher values in Pinot noir (1 st and 14 th day) than 398 in Chardonnay and Moscato yogurts (p<0.001) and its content did not change significantly 399 during the storage of the three yogurts (p>0.05). 400 A higher content of quercitrin was found at day 21 in Chardonnay yogurt with respect to 401
Moscato and Pinot noir yogurts (p<0.05). At days 14 and 21, the Pinot noir yogurt was 402 characterized by the lowest amount of quercitrin (respectively 4.7 and 4.6 g/g). Quercitrin 403 content did not change significantly during the storage, except for the Chardonnay yogurt 404 for which a slight increase in the quercitrin level was observed at day 21. This could be due 405 to an increase in compound solubilisation into the yogurt, due to its ability to be extracted 406 into water. 407 408
Analysis of volatile compounds 409
A total of 48 compounds were found in control and FYs, which corresponded to 10 ketones 410 (2-pentanone; 2,3-pentanedione (diacetyl); 2-heptanone; acetoin; 6-methyl-5-hepten-2-one; 411 3-hydroxy-2-pentanone; 2-nonanone; 6-methyl-3,5-heptadien-2-one; 2-undecanone; 2-412 tridecanone), four aldehydes (nonanal; benzaldehyde; 4-methylbenzaldehyde; dodecanal), 413 12 alcohols (isobutanol; 1-pentanol; 3-methyl-1-butanol; 1-hexanol; 2-hexen-1-ol; 1-octen-414 3-ol; 1-octanol; 1-nonanol; benzyl alcohol; phenylethyl alcohol; 1,4-butanediol; 1-415 dodecanol), 11 acids (acetic acid; isobutyric acid; butanoic acid; methacrylic acid; 416 pentanoic acid; hexanoic acid; 2-ethyl-hexanoic acid; heptanoic acid; octanoic acid; 417 nonanoic acid; benzenecarboxylic acid), one ester (β-phenylethyl acetate), two lactones (γ-418 caprolactone; δ-decalactone), three furan derivatives (2-pentyl-furan; furfural; 2-419 furanmethanol), four terpenoids (limonene; cis-linalool oxide; linalool; α-terpineol) and 420 one phenol (phenol). Table 5 were not significantly different. The ketone content increased at a rate of 11% (control), 432 23% (Pinot), 47% (Moscato) and 55% in Chardonnay. Of the ketones, 2,3-pentanedione, 2-433 heptanone and acetoin were the most abundant (data not shown), and they play an 434 important role in yogurt flavour, as reported by Routray and Mishra (2011 Pinot noir exhibited the highest acid levels compared to yogurt containing Chardonnay. 458
Esters were represented by β-phenylethyl acetate, which was found in all fortified yogurts. 459
The amount of this ester was higher in Moscato and Chardonnay (15.62 and 12.32 µg/kg, 460 respectively), whereas less than 1 µg/kg was found in Pinot and control yogurts. 461
Lactones originate from lipolysis that occurs during yogurt fermentation, in which 462 unsaturated fatty acids lead to the formation of 4-or 5-hydroxyacids that readily cyclise to 463 γ-or δ-lactones (Cheng, 2010) . The trend of the total lactones in control and FY containing 464
Chardonnay was not statistically significant during the storage time (p>0.05). On the 21 st 465 day of storage, the highest total lactone content was found in yogurt containing 466
Chardonnay (4.00 µg/kg), followed by yogurt containing Moscato (2.35 µg/kg). 467
The amount of furan derivatives in samples was significantly higher in FY (p<0.001) 468 compared to the control, probably due to the drying and sterilization process used to 469 prepare grape skin flour before yogurt production. 470
During all sampling times, the highest levels of terpenes were found in Moscato yogurt, 471 which was expected because Moscato grape is an aromatic variety characterized by 472 linalool, geraniol and nerol (Sánchez-Palomo et al. 2005) . Varietal terpenoids such as 473 limonene, cis-linalool oxide, and α-terpineol increased in FY containing Moscato skin 474 flour during storage (p<0.001), probably due to release from aromatic grape skin, whereas 475 they decreased in FY containing Chardonnay. 476
477
Microbiological analyses 478
The addition of grape skin flour to yogurt did not affect the survival of starter strains 479 during storage conditions and both Streptococcus thermophilus and Lactobacillus 480 delbrueckii subsp. bulgaricus survived the addition of flours in all FY. After 21 days, S. 481 thermophilus reached a concentration very similar to the control in all three FYs (data not 482 reported). The final concentration of S. thermophilus in control yogurt was 9.33 log 483 CFU/mL, whereas for FY the average concentration was 9.20 log CFU/mL. 484
The same trend was recorded for L. bulgaricus, which, at the end reached a lower 485 concentration approximately 7.8 log CFU/mL for all yogurt tested compared to S. 486 thermophilus. This result was expected, as a different amounts of starter were added to the 487
product (ratio of 2:1 S. thermophilus : L. bulgaricus). 488 489
Liking test 490
The effect of fortification on overall consumer liking and purchase interest for yogurts is 491 shown in Figure 1 Both of them had a low liking score that never reached the central value of the scale (5 = 498 neither like nor dislike). The Moscato yogurt was disliked more, with a very low mean 499 liking score, especially for taste and flavour. In contrast, Chardonnay was the sample with 500 the highest mean scores for appearance, flavour and overall liking. Considering the overall 501 liking, Chardonnay yogurt was significantly better liked than Moscato yogurt. Thus, 502 samples prepared with Chardonnay reported a generally higher hedonic performance than 503 samples fortified with Moscato, suggesting a more suitable use in combination with yogurt. 504
The results for purchase interest were highly correlated to overall liking, (r 2 = 0.9996), 505 demonstrated the key role of liking on declared buying behaviour. Sensory evaluation 506 results suggested the need of further optimization of prototypes, indicating as Chardonnay 507 grape skin flour as most suitable for use in this application. In general, the observed low 508 acceptability for FYs was not surprising because a decrease in liking due to fortification 509 was expected. Indeed, the addition of bioactive compounds or plant-based phytonutrients 510 can result in a change in the sensory quality of enriched foods, which can strongly affect 511 the consumers' acceptance of such foods (Verbeke, 2006) . Verbal comments informally 512 collected by participants after the end of the test, indicated that the fortified yogurts were 513 perceived as "too sour", "not enough sweet", with "unpleasant flavours", "not 514 homogeneous", and "grainy/sandy". It is probable that the unpleasant texture was due to 515 the perception of the grape skin flour particles. 516
It should be taken into account that the mean overall liking score obtained for the control 517 sample was just above the acceptability limit. Therefore, it can be hypothesized that the 518 fortification of a more pleasant control yogurt could induce a similar decrease in the liking 519 score, resulting in an overall liking above the acceptability limit (e.g., starting from an 520 overall liking of eight, a decrease in two points of the liking score would result in a final 521 overall liking equal to six, which would be higher than the acceptability limit). 522
In the future, it would be interesting to investigate the consumers' acceptance of the 523 fortified yogurt under informed conditions instead of in a blind test. Indeed, it has been 524 demonstrated that information regarding the health benefits of grape skin flour fortification 525 can increase the consumers' acceptance of fortified products (Cheng et al. 2010) . 526 527
Conclusion 528
The feasibility of using grape skin pomace as an ingredient in yogurt production was 529 evaluated. The addition of grape skin flour to yogurt resulted in a significant increase in the 530 TPC and RSA with respect to control yogurt. The TPC and RSA values of fortified yogurts 531 were retained during yogurt storage and no significant changes were observed. Regarding 532 the differences found between grape cultivars, yogurt containing Pinot noir, a red cultivar, 533
showed the highest TPC and RSA values. At the same time, phenolic compounds, which 534 were only found in FY, were not influenced by storage. It is noteworthy that the addition of 535 grape skin flour did not affect the survival of starter strains during storage. The results 536 obtained based on acceptance testing suggested that Pinot noir cannot be used for addition 537 to yogurt due to the production of an undesirable aroma. 538
Results of the liking tests suggested that obtaining a higher preference by consumers will 539 require decreasing the sour taste perception (by using sweeteners or a different yogurt with 540 a lower acidity) and improving the texture by using grape skin flour with a lower particle 541
size. 542
The results obtained in this study demonstrated that grape skin flour could be an alternative 543 and safe source of antioxidants in the daily diet. Grape skin might be used in dairy 544 applications, in particular for yogurt production, which could be a new way to use grape 545 by-products. 546 547
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